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Transfer of training refers to the effect of learning or 
performing a task upon subsequent learning and performance. Most 
transfer experiments employ a two-trial, one task per trial pro­
cedure which allows for a transfer effect from the first task to 
the second. The purpose of the present research was to evaluate 
a new design for studying transfer. This "alternating design" 
allowed subjects to switch practice between two tasks in each 
successive trial.
The task was rotary pursuit set at two rates of rotation.
Half of the 160 subjects switched practice between the 40-rpm 
and the 60-rpm tasks, while the remaining half practiced either 
the 40-rpm or 60-rpm task during each trial. Also, half of these 
subjects received a 30 second rest interval and the other half 
received a two minute rest interval between one minute practice 
periods.
Results indicated that: (1) proficiency was higher on the 40-
rpm task and (2) following longer rest periods; (3) switching to 
the 40-rpm task usually resulted in low amounts of. reminiscence 
and (4) warm-up decrement; (5) there was greater transfer when 
subjects switched to the 60-rpm task; and (6).there was a general 
decline in transfer with each successive task switch.
These data were accounted for in terms of the operation:of 
decremental processes during practice periods, loss of set during 
rest intervals, and the transfer of appropriate as well as inap­
propriate responses to each task.
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CHAPTER I
INTRODUCTION
Rarely or never does an adult organism learn a new 
task without the aid or hindrance of previous learning.
..For instance, if an organism is given two tasks to learn 
in succession, the organism’s acquisition of the second 
task is usually affected by the acquisition of the pre­
viously learned task. This phenomenon, known as transfer 
of training, influences subsequent learning in one of three 
ways: (l) prior learning or performance may facilitate the
acquisition of a subsequent task (positive transfer); (2) 
prior learning or performance may interfere with subsequent 
acquisition (negative transfer); or (3) there may be no 
apparent effect of the learning or performance of the first 
task upon the acquisition of the second (zero transfer).
Transfer of training may, therefore, be roughly de­
fined as the differential effect of learning or performing 
a task upon subsequent learning or performance., Ammons and 
Ammons (19?0b) have further defined, two main transfer 
phenomena in perceptual-motor skills research in the fol­
lowing fashion: "cross-limb transfer” is the transfer of
proficiency and decremental processes, such as warm-up dec­
rement and temporary work decrement, from one limb to a 
different limb on a perceptual-motor skill; "classical 
transfer" is defined as the transfer of proficiency from
one skill to another while still using the same limb, limb
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movement pattern, and postural muscles. As in cross-limb 
transfer, these researchers do include transfer of dec- 
remental components within a definition of classical 
transfer (see Ammons and Ammons, 1970a).
In the early 1900's transfer of training was re­
garded as a most important phenomenon within the study of 
learning. Recently Deese and Hulse (196?) have suggested 
that it is time for the study of transfer to return to its 
earlier position of eminence. Their position appears to be 
sound when one realizes that we know very little about 
transfer effects from one task to another. This lack of 
knowledge is probably due to a number of problems involved 
in conducting transfer research. Some of these problems 
are associated with the many paradigms employed to assess 
transfer effects. These problems range from the use of 
designs which fail to account for many performance 
variables (i.e ., need to warm up, learning to learn, etc.) 
to the use of designs which necessitate the equating of 
dimensions of equivalent tasks (for example, the level of 
difficulty in performing the two tasks). Also, adequate 
studies of transfer become exceedingly complex because of 
the numerous variables which should be controlled. The 
major variables include the similarity between task 
versions, amount of practice on the initial task, and 
length of time interval between tasks. A third problem 
area concerns the lack of a comprehensive theory of transfer.
The transfer process involves complex behavioral effects; 
yet most theories of transfer fail to account for, or even 
mention, factors beyond the similarity dimension between 
the training and transfer tasks.
Designs for transfer research.
Most learning can be considered a partial function 
of transfer effects. Even one-task learning experiments 
use subjects who enter such studies with an almost infinite 
number of previously learned habits which may affect their 
performance of the "new task." This fact has been noted 
by a number of researchers discussing such subjects as 
learning sets (Harlow, 19^9, pp. 6k, 65), verbal learning 
(Postman, 1962, p. ?), and the negative recency effect in 
probability learning theory (Estes, 1962, p. 133). In the 
perceptual-motor skills research area, Ammons and Ammons 
(1970a, p. 226) have commented that the initial proficiency 
level of subjects is due to a net positive transfer effect 
from related skills already learned.
Most one-task learning designs, however, do riot 
account or control for these pre-experimentai habits of the 
subjects. Thus a one-task learning design is not used 
directly in the study of transfer effects. Most transfer 
of training designs employ a two-task procedure which 
allows for a transfer effect from one task to a second.
The most fundamental and perhaps the most frequently used : 
design is represented below.
Group 1 Learns Task A .... Learns Task B
Group 2 Learns Task A'....Learns Task B
(or rests )
Transfer effects are determined by the differential 
performance of the two groups on Task B. Inferences are 
then drawn as to the facilitating or interfering effects 
of the acquisition of the initial task upon acquisition 
and performance of the second. Examples of the use of this 
procedure in motor skills learning can be found in reports 
of research by Lordahl and Archer (1958) and by Leonard, 
Karnes, Oxendine, and Hesson (1970). Both studies inves­
tigated transfer effects in the rotary pursuit task. The 
training or initial tasks were differentiated by rpm level. 
Lordahl and Archer (1958) also presented results of a study 
in which the training tasks were differentiated by target 
orbit radius. In all studies the transfer task or second 
task was identical (either the same rotor speed or target 
orbit radius) for all subjects.
There are problems inherent in this design which have 
been pointed out by a number of writers including Hall 
(1966), Ellis (1965), and Postman (1970). Specifically, 
these problems relate to Group 2's behavior during the 
initial or training phase of the experiment. If this group 
rests during this phase, the warm-up and learning-to-learn 
effects will not show up in their performance of Task B, 
but these factors will affect the performance of Group 1.
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If Group 2 practices A', however, the experimenter may 
have to equate this task with Task A on a number of di­
mensions, These dimensions should include the physical 
similarity between the two tasks and the degree of dif­
ficulty in learning the tasks. If the experimenter is 
studying the interactions of different levels of similarity 
and difficulty in the training and transfer tasks, he must . 
of course operationally define and manipulate these 
variables within the experimental design.
Another design which attempts to assess transfer 
effects upon the second of two tasks is represented as 
follows
Group 1 Learns Task A....Learns.Task B
Group 2 Learns Task A....Learns Task B*
In this procedure, the dependent variable is the 
ease of acquisition of the transfer tasks following com­
mon training experience. A discussion of this design can 
be found in a paper by Gagne, Baker, and, Foster (1950)* 
These authors discuss the ways in which Tasks B and B' 
can differ from Task A in order to assess the degree of 
transfer following acquisition of Task A. Specifically, 
they suggest a differentiation among the stimuli and among 
the responses within each of the tasks to be learned. As 
in the paradigm discussed above, the experimenter using 
this design will need to equate Tasks B and B* on a number
of dimensions.
One way to circumvent the problem associated with 
equating of various dimensions of supposedly equivalent 
tasks in transfer research is to employ a design which 
utilizes both tasks in both the training and transfer 
phases of the experiment. The following represents such 
a design.
Group 1 Learns Task A....Learns Task B
Group 2 Learns Task B. . . .Learns Task A
A variation of this procedure was used in research 
reported by Ammons, Ammons, and Morgan (1956). The re­
search task in this study was rotary pursuit at four dif­
ferent rpm levels in both the training and transfer 
conditions. Subjects were assigned to the training and 
transfer conditions in such a manner as to obtain all 16 
possible combinations of speeds in the two conditions.
Not only does the use of this design eliminate some 
of the problems associated with equivalent tasks, but also 
its use generates more data bearing on the transfer process. 
Because both or all groups serve in a control condition as 
well as an experimental condition, the design yields much 
more data than do the designs discussed earlier in this 
paper.
The last major class of transfer designs has been 
used almost exclusively in verbal learning research. There
has been little work using these designs within the 
perceptual-motor skills area as customarily defined. Of 
course verbal learning can be seen as such a skill. These 
designs are as follows.
Group 1 Learns Task A... Learns Task B. . . Tested on .'A
Group 2 Learns Task A...No Learning...... Tested on A
(or learns B’)
or
Group 1 Learns Task A...Learns Task B...Tested on B
Group 2. No Learning.,.. .Learns Task B...Tested on B
(or learns A* )
Verbal learning researchers have used these "inter­
ference designs" to study retroactive and proactive 
inhibition respectively. Examples of the use of these 
procedures can be found in articles by Zavortink and.
Keppel (1968) and Keppel and Underwood (1962).
The interference designs as presented can be con­
sidered the simplest form of what Ammons and Ammons (1959, 
1970a) have called an alternation design in transfer re­
search. They define an alternation design as, one in 
which subjects switch tasks more than once. An elaboration 
of such a design formulated specifically for perceptual- 
motor skills research will be presented in a subsequent 
section of this paper.
Major variables in transfer research.
Two major variables have received the most attention
in research on the transfer process. These are the degree 
of similarity between the training and transfer tasks and 
the level of difficulty required to learn or perforin each 
of these tasks. Most researchers investigating the effects 
of similarity between training and transfer tasks have 
reported that highest degrees of task similarity yield the 
highest positive transfer effects. As the two tasks become 
increasingly dissimilar,, the amount of positive transfer 
decreases.
No consistent relationship has been found between 
degree of transfer and the difficulty of performance vari­
able for the training and transfer tasks. Goldstein and 
Newton (1962) used a complex tracking task in their transfer 
research and reported greater positive transfer if the 
training task was more difficult to perform than the trans­
fer task. Other investigators who have reported similar 
results include Andreas, Green, and Spragg (195*0, Baker, 
Wylie, and Gagne (1950), and Gerall and Green (1958).
Using the rotary pursuit task, however, Ammons,
Ammons, and Morgan (1956) found that going from an easier 
training task to a more difficult transfer task led to 
greater positive transfer. Again other investigators have 
reported similar results. These include Kaestner and 
Grant (1956), Lincoln and Smith (1951), a^d Lordahl and 
Archer (1958).
In addition to task similarity and difficulty, there
are other variables which should be controlled in even the 
simplest study of transfer effects. These include degree 
of learning or duration of practice on the initial or 
training task, order of presentation of the tasks, degree 
of previous familiarization with the tasks, time intervals 
between practice periods, and the behavior of subjects 
during these inter- or intra-task intervals. Noting the 
number of variables that must be taken into account in 
this type of research, it must be apparent that the trans­
fer phenomenon is extremely complex. Also, if one considers 
the past research conducted in this area, research which 
Battig (19^6) has characterized as "fraught with apparent 
inconsistencies," it seems reasonable to assume that a 
number of variables are significantly affecting the trans­
fer process. The manipulation of just one of these vari­
ables (task similarity for example) without adequate 
control of the others may well have produced most of the 
"inconsistent" results found in reports of transfer research.
Theories of transfer.
The experimental study of transfer was an outgrowth 
of early theories of education. The most dominant edu­
cational theory of transfer was the doctrine of formal 
discipline. Hall (1966) reports that apt descriptions of 
this position can be found in Roarke's '(1-895') Psychology in 
Education and Morgan's (1906) Psychology for Teachers.
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This doctrine, which was based on little evidence 
suggests that all faculties such as memory, judgment, and 
reasoning are transferable to new situations. Thus, "Learn­
ing to conjugate in Latin, it was sometimes alleged, made 
for a keen wit in a lawyer. Training in logic made a 
physicians diagnosis more certain." (Deese and. Hulse, 196?).
Thorndike (191*0 narrowed the scope of transfer when 
he suggested that the two situations or tasks in the trans­
fer sequence must have similar associative connections. 
Thorndike's "identical elements theory" was not as reduc- 
tionistic as the name implies, however, for the theory 
allowed for the transfer of such broad habit classes as 
aims, principles, and procedures to new learning situations.
The. Skaggs-Robinson hypothesis (Robinson, 192?) 
stressed the dimension of similarity between the training 
and transfer tasks. This hypothesis suggests that optimum 
transfer results if the transfer task is identical to the 
training task. There is a corresponding decrease in pos­
itive transfer with a corresponding decrease,in the simi­
larity between the two tasks.
A more detailed and systematic approach to the dimen-r 
sion of similarity between training and transfer tasks has 
been presented by Osgood ( 19^9 ) . He extended Gibson's 
(19*+0).analysis of the similarity dimensions found in both 
the stimulus and the response for each task. Whereas 
Gibson used stimulus generalization gradients in order to
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construct a similarity scale, Osgood constructed a three 
dimensional transfer surface. One plane of the transfer 
surface represents degree of stimulus similarity* a second 
plane represents degree of response similarity, and the 
third plane represents the direction and amount of transfer 
as, a function of these stimulus-response relationships..
Using this transfer surface, Osgood proposes three 
generalizations about the transfer process* (1) where 
stimuli are varied and responses are functionally identical, 
positive transfer is obtained} (2 ) where stimuli are func­
tionally identical and responses are varied, negative trans­
fer is obtained; (3 ) when both stimulus and response members 
are simultaneously varied, negative transfer is obtained.
In a subsequent discussion, Osgood (1953, p. 553) 
noted that the transfer surface was constructed on a quali­
tative basis and expressed the need for an extensive quanti­
tative evaluation. Attempts to test the adequacy of the 
model, however, have revealed little consistency in the 
phenomena. For example, Dallet (19^2) reported results 
which were in general agreement with the transfer surface 
while Bugelski and Cadwallader (1956) found marked dis- 
crepencies between their obtained results and predictions 
based upon the transfer surface.
Problems in transfer research.
The above summary description of the designs,
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variables, and theories of transfer reveal some apparent 
problems in transfer research. Seemingly inherent in most 
or all approaches are problems associated with the equating 
of training and transfer tasks along various dimensions, 
accounting or controlling for the warm-up and learning-to- 
learn phenomena, and operationally defining and systemati­
cally studying effects of such variables as task similarity 
and difficulty within the experimental design.
Perhaps the designs used in transfer research are too 
simple adequately to control or assess effects of many of 
the variables of relevance to the transfer process. It 
could be that the apparent lack of systematic relationships 
in results from transfer research is due to designs which 
fail to take into consideration the complexities of the 
transfer process. The apparently inconsistent results 
reported suggest that transfer is a complex phenomenon 
that cannot be accounted for by the degree of physical 
"similarity" between tasks. Yet there seems to be a type 
of "functional fixedness" phenomenon concerning task simi­
larity in transfer research. This approach may have served 
to obscure the effects of other important variables 
operating over the training-transfer sequence.
Finally, the "theories" that have been offered to 
explain the transfer process have been descriptions of 
functional relationships rather than systematic, comp­
rehensive, theoretical constructions. Indeed, Ammons and
Ammons (1970a) have commented that "the theories of transfer 
formulated thus far are so oversimplified that they are 
almost useless in the face of real behavioral changes...."
The problem of the present thesis experiment.
The thesis research investigated performance and 
transfer of training on a perceptual-motor task. The task 
was rotary pursuit at two rates of rotation.
Past research with the rotary pursuit apparatus has 
revealed relatively stable and characteristic performance 
curves (Ammons, 19^?a, 19^7b, Ammons and Ammons, 1970a).
With continuous practice, this "standard" curve shows a 
general increase during the pre-rest period, a sharp rise 
immediately after rest, and, after a plateau, a relatively 
declining portion. Figure 1 pictures this curve.
With distributed practice, another "standard" curve 
emerges once subjects have gained some proficiency on this 
task. Here the curve shows a sharp decrease immediately 
following a high initial level of proficiency. In this 
case there is no sharp rise in the curve following a rest 
period.
In accounting for these data, Ammons has suggested 
that two decremental processes affect proficiency. Warm-up 
decrement (Dwu) is defined as the difference between the 
actual performance level during the initial post-rest trial 
and a warm-up free estimate of performance during this
]A
Dwu
e*w0 « 
<
12OI
Dwt
M
Rest
Timing Periods
Figure 1. Schematic drawing of rotary pursuit performance 
curve.
trial. This estimate is based upon a backward extrapolation 
of a line fitted to the performance levels of the later 
trials (see Figure 1). Temporary work decrement (Dwt) is 
defined as the performance gain-after-rest at any point in 
practice. The amount of this gain is corrected for warm-up 
decrement.
Ammons has suggested that warm-up decrement is. due to 
a loss of set during no-practice intervals. Fbr the duration 
of a rest period, the subject engages in motor behavior un­
like that in rotary pursuit. Later, in the initial phases 
of the post-rest practice period, traces of these rest-
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related behaviors drop out and the performance of the 
subject becomes increasingly stable. The result is a 
sharp rise in the performance curve which is indicative 
of overcoming warm-up decrement. During and after this 
period, net temporary work decrement begins to build and 
is evidenced by the declining portion of the post-rest 
performance curve.
Once the subject overcomes warm-up decrement a stable 
stimulus complex emerges. Appropriate motor behaviors are 
elicited by this stimulus complex. Thus, temporary work 
decrement seems to be due to a loading of inhibition on 
perceptual patterns. Although many researchers have 
theorized that temporary work decrement is caused or at 
least characterized by fatigue, Ammons and Ammons (1970a) 
have commented that this decremental process is not 
directly related to the fatigue variable. Instead, 
temporary work decrement seems to be caused or characterized 
by perceptual distortions which lead to errors and innacurate 
performance.
This theoretical account leads to a prediction that 
warm-up decrement, as characterized by a sharp increase in 
proficiency, will not be present during distributed practice. 
Reports of research (e.g., Ammons, 1950) have shown the pre­
dicted result of a decrease in performance after the initial 
post-rest practice period.
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Rationale for an "alternating" transfer design.
As mentioned previously, most transfer research has 
employed designs which provide for only one task change.
The present thesis research, however, will seek to evaluate 
a multiple-task-change or alternating design. Possible 
advantages of such a design over the one-task-change designs 
include the additional data that the design may provide and 
a possibly closer analogue to "real-life" situations.
The first possible advantge of using an alternating 
design is the amount and variety of data the procedure will 
generate. Rather than giving a single transfer score, use 
of this procedure may allow study of cumulative transfer of 
proficiency as well as decremental components. Also, the 
design allows one to observe the transfer effect within 
each subject. For example, the same subject not only 
generates data by changing from Task A to Task B, but also 
by changing from Task B to Task A. Thus, subjects may serve 
as their own control in a number of different ways.
By alternating tasks in our laboratory motor-learning 
transfer situation we also more closely parallel "real-life" 
transfer situations. For example, few people continue a 
lengthy repetitive task without periodic breaks in favor of 
other tasks. This switching from one task to another tends 
to make both seem less aversive. Perhaps interest and 
motivation towards the better performance of the two tasks 
increase when one alternates between them. Thus task
17
changes may increase proficiency on transfer tasks in an 
alternating situation.
In addition, alternating tasks may reveal new informa­
tion regarding effects of work factors on motor skills per­
formance. An interesting speculation concerns the effect 
on level of temporary work decrement by alternating,practice 
between two tasks. Perhaps task changes will serve the same 
purpose as a no-practice interval by changing the stimulus 
situation. That is, changing the stimulus complex by 
switching to a slightly different task may allow dissipation 
of temporary work decrement. On the other hand, inhibition 
may accumulate across tasks to produce even greater amounts 
of temporary work decrement than if only one task were 
practiced.
These problems cannot be well researched by using a 
one-task-change procedure. The alternation design may pro­
vide new information not only on the transfer process, but 
also more specifically on many of the variables affecting 
motor skill performance.
The purpose of the present thesis experiment was to 
evaluate an alternating design of transfer. Subjects were 
randomly assigned either to an alternating condition, in 
which they switched tasks on each succeeding trial, or to . 
a non-alternating condition. Those subjects who did not 
alternate between the two tasks can be considered a 
continued practice group for they practiced the same task
18
during each trial. All theories of transfer would predict, 
that this group would achieve the highest performance 
levels. The basis for this prediction includes (1) practice 
on : "identical" tasks during each trial of the experiment,
(2) "identical" stimulus and response requirements on each 
trial, and (3) more time spent practicing this task.
Although the present research was admittedly explor­
atory and no specific hypotheses were tested, it was 
expected that the above prediction would not be confirmed.
It could be reasoned or predicted that the subjects who 
were allowed continually to switch practice between two 
tasks would achieve higher performance levels. This 
prediction, though not implied by any present theory of 
transfer, was based on a series of speculations about the 
processes which might appear in an alternating design.
These include:
(1) Subjects who alternate practice between two tasks 
may maintain a higher.interest level in the experiment than 
subjects in the non-alternating condition. Perhaps those 
subjects who do not alternate practice between two tasks 
may become satiated with the requirements of the experiment. 
It does not necessarily follow that this satiation produces 
a lower proficiency level for these subjects. However, a 
lower level of satiation may serve to increase the profi­
ciency level of subjects who alternate between tasks,
(2) Interest in the tasks or a lower level of
satiation throughout the experiment may lead to increased, 
or at least maintained motivational levels in subjects who 
alternate practice on two tasks. It seems reasonable to 
assume that subjects in the non-alternating condition may, 
because of satiation, become less motivated to do well 
during each succeeding trial.
Q)  Because a switch to a new task offers a somewhat 
different stimulus complex, temporary work decrement may be 
reduced in subjects who alternate between tasks. Perhaps 
there is no similar reduction of temporary work decrement 
for subjects wo do not alternate between tasks, because of 
the stable stimulus complex on successive trials.
.(*0 Continual alternating between tasks may lead to 
a gradual learning to transfer process, i.e., this procedure 
may allow subjects to attend to transferable elements once 
the job of switching tasks has been presented several times. 
Perhaps there is an optimum number of required task changes 
that produces the highest amount of positive transfer.
(5) Subjects who do not alternate between tasks may 
show greater positive transfer in the initial trials of the 
experiment when compared to subjects in the alternating 
condition. This phase of the experiment is much like the 
traditional one-task-change transfer studies and the effects 
of alternating between tasks should not be apparent. The 
higher performance level of subjects in the non-alternating 
condition during the initial phase of the experiment may be
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due to the greater degree of task similarity in this 
condition. During this period, task change may not be a 
significant variable in producing positive transfer.
Subjects who alternate between tasks, however, may 
achieve significantly higher performance levels in the later 
trials of the experiment. One may infer a gradual learning- 
to-transfer process in,these subjects and a higher amount of 
accumulated inhibition or temporary work decrement among 
subjects who perform the same task during each trial.
Reports of past research have centered around the 
effects of task similarity on the transfer process. These 
studies have used a one-task-change procedure. Generally, 
greater positive transfer results if the training and trans­
fer tasks are similar. Yet this relationship has not been 
assessed in a situation which more closely approximates 
real-life transfer situations. Perhaps the effect of this 
variable on transfer can be assessed in a more meaningful 
fashion with an alternation procedure.
CHAPTER II
METHOD
Subjects. Subjects for the present research were 
taken from introductory (N=1^2) and developmental (N=18) 
psychology classes at the University of Montana. These 160 
predominately freshmen and sophomore subjects were distri­
buted randomly over eight different conditions of a work- 
rest-work cycle on the rotary pursuit task. Subjects took 
part in this research in order fo fulfill, in part, a 
laboratory participation requirement for these courses.
Apparatus. Four variable speed pursuit rotors were 
used. Each apparatus contains a turntable which is '11 
inches in diameter with 3/^-inch brass target whose center 
is 3i inches from the center of the turntable * S tyluses 
are hinged 6| inches from the silvered tips. Target-stylus 
circuit completion times are measured by two banks of four 
,001-minute Standard Electric timers. Time-on-target 
scores were recorded on data sheets for 10-second timing 
intervals.
Design. Subjects were randomly assigned to one of 
eight different practice/no-practice conditions as shown in 
Table 1. Each condition represents a specific combination of 
one of the two possible levels of each of three variables!
(1) transfer condition or task sequence; (2) rpm level; and
(3) the duration of the no-practice interval. As can be seen
21
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Table 1
Practice (rpm level) and No-Practice Periods 
of Eight Groups*
Group Task Sequence No-practice interval
I 40 - 60 30 seconds
II 40 - 60 2 minutes
III 60 - 40 30 seconds
IV . 60 - 40 2 minutes
V 40 - 40 30 secondsVI 40 - 40 2 minutesVII 60 - 60 30 secondsVIII 60 - 60 2 minutes
*Each group continued their practice sequence until they 
completed 16 minutes of total practice
in Table 1, Groups I through IV alternated practice between 
the 40-rpm task and the 60-rpm task on each successive 
trial. Subjects in the remaining groups practiced only one 
of these tasks throughout all 16 trials. Subjects in Groups 
I, II, V, and VI began practice on the 40-rpm task while 
subjects in the remaining four groups initially practiced 
the 60-rpm task. Finally, all subjects practiced for one- 
minute trials, but those in Groups I, III, V, and VII.had a 
no-practice interval of JO seconds between trials whereas 
the remaining subjects had a no-practice interval of two 
minutes.
Manipulation of these three variables made possible a, 
test of differences between subjects who alternate practice
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between tasks and those who continue to practice the same 
task. The initial task was varied in an attempt to detect 
performance differences related to order of task presentation. 
Finally, because subjects who were assigned to an alternating 
condition with 30-second no-practice intervals had a span of 
two minutes between tasks of the same rpm, control groups 
were, included which had a no-practice interval of two minutes 
before practice on a transfer task. Thus the time interval 
between tasks of the same rpm level was equal for both 
groups.
The above conditions represent the cells in a 2x2x2 
factorial design, allowing estimation of the significance 
of the effects and interactions of alternation, rpm level, 
and duration of no-practice interval, using performance 
measures. Analyses of variance were carried out for 
critical times throughout the experiment,.including the 
first and second minutes of practice. Several other 
analyses were made on subsequent trials. These are dis­
cussed in greater detail in a later section of this paper.
In addition, each one-minute practice period was divided 
into six ten-second timing periods for scoring purposes.
These six performance scores, in the form of target-stylus 
circuit completion times, were computed and plotted for each 
group. Also, transfer difference scores were computed for 
all practice periods after the initial one.
Procedure. Upon entering the laboratory, subjects
ZUr
were asked whether or not they had participated in a rotary 
pursuit study previously. The data from those subjects who 
had such experience were omitted. Also, subjects were 
asked which hand they use in writing,in order to determine 
handedness. Only right-handed subjects were used in this 
research.
Subjects performed the rotary pursuit task in groups 
of two and were randomly assigned to one of the eight 
conditions. Standardized instructions, which urge best 
possible performance, were read to each group and a tennis- 
style grip on the stylus was demonstrated. These instruc­
tions are as follows:
I'm going to read the instructions to you so they 
will be the same for everyone. This is a test of 
coordination. The task is to keep the tip of the 
stylus, which is hinged to make handling easier, 
on the metal disk. Please remember that you are 
to try to keep the stylus on. the disk as much of 
the time as possible. Try not to become tense as 
you do this or you will tire soon. Also, do not 
tilt the stylus, press down on it, or hold it in 
one place to catch the target as it comes around.
All of these things will lower your score. The 
best way to do well is to make a smooth, circular 
movement following the target around.
For this particular experiment you are going to continually switch rotors. That is, (name of 
subject 1). you will start practicing on this rotor 
(experimenter points to appropriate rotor). Then 
you will be given a brief rest period, after which 
you will begin practice on this rotor (experimenter 
pointing). You will continue to alternate between 
these two rotors after each rest period. (name of 
subject 2). you will start on this rotor (experi­
menter pointing) on the first trial and will alter-' 
nate with this rotor. Both of you wili continue 
this switching sequence until I tell you that the 
experiment is over.
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At the beginning of all practice periods I will 
give you a ready signal and then count to three.
When I reach three, the rotors will begin.
Are there any questions?
Please stand in front of the rotors and take the 
stylus in your preferred hand. Place the tip of 
the stylus on the target. Now I am going to 
count to three and when I reach three, the rotors 
will begin.
The following instructions were given at the completion of
the trials and just before the next trial to subjects who
were in a 30-second no-practice interval condition*
You will now be given a short rest and you may
stand in front of the other rotors,
(About 15 seconds prior to the start of the next 
trial, the experimenter states) Place the tip of 
the stylus on the target. I am going to count to 
three and when I reach three the rotors will begin.
Subjects who received no-practice intervals, of two minutes.
received the following instructionsj
You will now be given a short rest and you may
sit down and relax.
(About 20 seconds prior to the start of the next 
trial, the experimenter states) We are ready to 
begin again. Please stand in front of the 
appropriate rotor. Place the tip of the stylus 
on the target. I am going to count to three and 
when; I reach three, the rotors, will begin.
- ' ' * ; '
In the alternating condition, two of the four pursuit
rotors were set at ^0-rpm and the remaining two at 60-rpm.
Alternation of tasks was achieved by subjects switching
rotors on each successive trial. That is, half of the
trials entailed practice on one rotor and half on the other
of a pair of rotors. In the non-alternating conditions, all
rotors were set at one rpm level. Nevertheless, subjects 
switched rotors on each trial in order to standardize 
procedures. During no-practice intervals, subjects were 
allowed to sit and relax or talk quietly in the test room.
All questions were answered by paraphrasing the instructions.
CHAPTER III
RES ULTS
Performance measures in the form of target stylus 
circuit completion time percentages were computed for all 
groups. Each of these scores is the mean percent time-on- 
target measurement during a 10-second scoring interval.
Tables and graphs of these data for all individual trials 
can be found in the appendix.
In order to make these data more manageable, several 
combinations of groups and trials were attempted. Figures 2 
and 3 present performance data which are the result of 
combining the six scoring intervals of two adjacent trials 
or minutes of practice. Figure 2 contains data from 
subjects who received a no-practice interval of JO seconds 
and Figure 3 represents data from subjects who were given a 
no-practice interval of two minutes.
Inspection of Figure 2 reveals several interesting 
points. First, one can infer that the response requirements 
of the two tasks (AO- and 60-rpm) are quite different. Of 
interest here are the shapes of the curves for those subjects 
who do not alternate practice between the two tasks (labeled 
^O-AO, 60-60 in Figure 2). The performance curves for the 
subjects who continually practice the 60-rpm task show the 
typical shape for distributed practice on a motor skill.
That is, the initial proficiency is quite high but is 
immediately followed by a sharp drop in performance. This
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decrease in performance, which is indicative of temporary 
work decrement is apparent once a certain level of pro­
ficiency has been achieved.
This characteristic curve appears less frequently 
when one notes the performance of those subjects who 
continually practice the 40-rpm task. In this case there 
seems to be less temporary work decrement andin some 
instances (minutes 9 and 10, and 15 and 16) the curves ' 
show an increment in performance after the initial 10 
seconds of the practice period.
Secondly, inspection of Figure 2 reveals that prior 
experience has differing effects on the subjects performance 
of each of the two tasks. Those subjects who alternate 
practice between the two tasks (labeled 40-60, 60-i|-0 in 
Figure 2) perform the 60-rpm task at a level equal to that 
of subjects who continually practice this task in each 
trial. On the other hand, the curves of subjects practicing 
the 40-rpm task reveal that the performance of the subjects 
who do not alternate between this task and the 60-rpm task 
is superior.
Also, the shapes of the curves that represent the 40- 
rpm task for subjects who continually switch practice on the 
two tasks (labeled 40-60, 6040 in Figure 2) are considerably 
different from the other performance curves in this figure. 
For example, these are the only curves that do not show a 
great deal of reminiscence. Reminiscence, which is defined
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as a gain in performance after a rest period, can be 
measured by subtracting the immediate pre-rest performance 
level from the initial post-rest performance level.
Although there is almost always a considerable gain in 
proficiency in the performance of the other groups, there 
is very little reminiscence for the alternating groups when 
they practice the AO-rpm task. (Inspection of Figure 1*4- 
in the appendix reveals that these groups exhibited negative 
reminiscence in several trials.)
The AO-rpm performance curve of the alternating 
groups, in; addition to revealing minimal reminiscence 
scores, also shows a usual increment in performance after 
the first ten-second scoring interval. This is the only 
group which reveals a consistent intra-trial increment 
in performance immediately after the first 10-second 
scoring interval.
Figure 3, which shows the performance of the subjects 
who received a two minute no-practice interval between 
trials reveals the importance of extended rest periods in 
overcoming decremental processes. When compared to Figure 
2, all of the groups performed at a higher level than those 
which, although they practiced the same tasks, were given 
no-practice periods of 30 seconds.
Again, as in Figure 2, prior experience has differing 
effects on subsequent performance. The performance level 
of the subjects who continually practice the.-^O-rpm-task
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is almost always superior to those who alternate their 
practice between this task and the 60-rpm task.
Concerning the 60-rpm task, there seems to be little 
difference between the performance of the control and 
alternating groups until after the tenth minute of practice. 
From this point to the last trial, the subjects who do not 
switch practice between two tasks consistently perform at a 
higher level of proficiency.
Very seldom is there an intra-trial increment in per­
formance immediately following the initial proficiency level 
for any group in this figure. Also, each group curve except 
the one representing the ^O-rpm task for.subjects who alter­
nate practice between tasks reveals the characteristic 
reminiscence phenomenon. The curves which represent the 
performance on the ^O-rpm task for the 40-60 and 60-40 
groups shows little consistency in terms of amount of 
reminiscence.
Each individual curve in Figures 2 and 3 represents 
the mean performance of subjects during the six scoring 
intervals in two adjacent practice periods. These curves 
were again combined (Figures 4 and 5) so that each curve 
represents data for the six scoring intervals during four 
one-minute practice periods. This combining procedure was 
attempted in order to determine if the effects of alter­
nating practice between tasks produced another unique 
"standard" curve.
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The shapes of the curves in Figures 4 and 5 suggest 
that there is less temporary work decrement present when 
subjects perform the 40-rpm task. The curves representing 
performance on the 40-rpm task do not show as sharp a 
decline as do those curves representing 60-rpm performance. 
Also, onset of great amounts of temporary work decrement 
seem to occur later in time for subjects practicing the 40- 
rpm task. Of interest here are the curves representing the 
first four minutes of practice. These curves show a 
general increment across the trials for subjects practicing 
the 40-rpm task and a gradual decline in proficiency for 
subjects practicing the 60-rpm task.
These figures seem to reveal a standard pattern of 
performance for each group as determined by the shapes of 
the curves. The curves representing the subjects perfor­
mance on the 60-rpm task, regardless of transfer condition 
or duration of rest period, show a high initial level of 
performance, followed by a sharp decline, and then an 
increment during the last ten second trial.
For the 40-rpm task, the curves, except those indi­
cating the performance of subjects who alternate tasks in 
the 30-sec°nd rest condition, show a slight decline after a 
high level of initial proficiency. This decline is usually 
followed by a gradual increment in performance. Thus these 
curves resemble a U-shape across the six scoring intervals.
The curves representing 40-rpm performance of the
*4-0-60 and 60-40 groups is quite different from the other 
*4-0-rpm curves. Here there is an increment after the first 
10-second scoring interval followed by a general decline 
in performance.
The shapes of these curves can perhaps be more ap­
parent in Figures 6, ?, and 8. In Figures 6 and 7 the 
first two minutes of practice were deleted because of the 
difference in the shapes of the curves in this acquisition 
phase. The. curves for the next seven minutes were combined 
to form one performance curve as were the curves from the 
last seven minutes of practice. Figure 8 shows the result 
of combining the trials in all practice periods except the 
first two for each of the eight groups.
Finally, Figures 9 and 10 show the mean performance 
of all trials within each minute of practice. These figures 
indicate the general rate of acquisition for each of the 
eight groups.:
The performance curves in Figure 10 representing per­
formance on the *4-0-rpm task show a "sawtooth" pattern begin­
ning at the fifth minute of practice. This is evident for. 
both transfer conditions (*4-0-60, 60-*t-0, and *4-0-*4-0) but is 
more pronounced for subjects who alternate between tasks.
The fact that this sawtooth effect does not appear in the 
performance of the 60-rpm task for subjects in the alternat­
ing condition suggests that this result is not due to per­
formance difference between, subjects in the *4-0-60 group
76
74
72
70
68
66
64
62
60
58
56
54
h - Q ‘
46
44
42
40
38
36
3^
.3.2
30
28
26
6
(Each point represents 140 scores) •— 37
40-40
T
•— •40-40
40-(60) + 
(60) - 40
40-(60) + 
(60 )-40
80-60
(4 0) - 6 0 +
V 60-60
(40 )-60 + 
60-(40)
* 60-(40)
± I I .  I l l -IScoring Intervalbcormg Interval 
Minutes 3-9 combined Minutes 10-16 combined
Percent time-on-target for subjects receiving 30" rest 
periods with minutes combined into two practice periods. 
(Each point on the x-axis represents a 10-second scoring 
interval.)
88
86
84
82
80
78
7 6
74
72-
70
68
66
64
62
60
58
56
54
52
50
48
46
44
4 0 - 4 0
38
40-40
/
4 0 - ( 60) + (6o ) - 4 0
40- ('60) +(60 )-40
* ■
60-60
I
(40 ) - 60+60- ( 4 0 )  
 I !___ !___
• 60-60
(40 ) - 60+60- ( 4 0 )
(Each point represents 140 scores)
I IScoring Interval 
Vlinutes 3-9 combined
Scoring Interval 
Minutes 10-16 combined
7 Percent time-on-target for subjects receiving 2'
rest periods with minutes combined into two practice 
periods. (Each point on the x-axis represents a 10- 
,second scoring interval.)
(1*0 )-60+60-(*+0 )
20
(Each point represents 280 scores )
J L I J I I
igure
Scoring Interval 
30" rest periods
8 Percent time-on-target for 
through sixteen combined, 
the x-axis represents a 10 
interval.)
Scoring 
2' rest
Interval
periods
minutes three 
(Each point on 
■second scoring
40
and those in the 60-40 group.
Table 2 shows the results of the analyses of variance 
that were computed. Eight points in time were selected for 
these analyses. These were the first and last ten second 
timing periods of trials one, two, eight, and sixteen. The 
first scoring interval was selected for the analyses because 
it is the one period of practice that is least affected by 
temporary work decrement. Conversely, the last scoring 
interval of a practice period should be most affected by 
this decremental process. Minutes one and two were selected 
for analyses'because these two periods represent points 
from which data is generated in traditional, two-trial 
transfer studies. Minute eight was selected for a further 
analysis for it is at this point in practice that all 
groups seemed to have reached an asymptotic performance 
level. Finally, the last minute of practice was analyzed 
to assess the effect of extended practice under the various 
transfer conditions.
This table reveals that the only variable that has 
an appreciable effect during the first trial is rpm level 
(scoring interval 1, F=87.70, £<.01} scoring interval s, 
F=99.81, £<.01). This result is as expected and indicates 
that the 60-rpm task is more difficult to perform than the 
40-rpm task. Also, the remaining nonsignificant results 
during this period indicate no obvious pre-experimental 
differences in motor skills ability across the various groups.
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Table 2
Results of Analyses of Variance at Various Points in Practice
Minute 1 Minute 2
Source of Degrees
Scoring ScoringVariance of Scoring Scoring
Estimate Freedom interval 1 interval 6 interval 1 interval 6
(A) Transfer
condition 1 173.9 2,958.4 16,995.0* 1,069.9Rest period 1 372.1 3.1 10,513.8* 7,209.3RPM level 1 55,428.0* 88,924.9* 64,120.1* 137,827.6AxB 1 178.9 864. 9 178.6 740.9AxC 1 48.7 1,134-. 3 6,669.3* 2,273.4-BxC 1 4.7 122.5 888.3 302.5AxBxC 1 930.3 970.5 1,025.0 636.7Within groups 152 654.4 890. 9 6?4.6 953.2
Minute 8 Minute 16
(A) Transfer
condition 1 3,686.4+ 4,687.2* 5,288.0* 3,168.4*
(B) Rest period 1 37,638.2* 30,580.8* 28,196.1* 36,120.1*
(C) RPM level : 1 47,817.2* 124,322.5* 43,164.0* 91,489.2*
AxB 1 3.1 275.8 25.1 348,1AxC 1 2,873.1+ 1,038.7 392.0 429.1BxC 1 193.7 1,876.9 2,434.5 1,113.1AxBxC 1 1,040.2 414.5 122.2 296.9
Within groups 152 578.2 697.1 634.7 676.3
+ significant at 5 percent level against within group error term 
* significant at 1 percent level against within group error term
-p-VjJ
Table 3
Mean Performance at Points where Analyses of Variance were Computed*
Minute 1 2 8 16
Group
Scoring
Interval 1 6 1 6 1 6 1 6
40-60, 30" rest 58. 6 82.9 40. 0 40.5 73.,8 ^5.,7 73. 2 53-. 14-0-60, 2 1 rest 68.1 71.3 48. 5 44.3 101.3 82.6 109. 5 88.660-40, 30" rest 27. 1 34.4 57. 3 84.4 97., 0 102,1 112.8 106,.760-40, 2 ' rest 27. 6 36.1 85. 4 105.2 130,.3 125.,7 129. 6 137,,240-40, 30" rest 68.9 87.2 98. 0 101.9 119..9 121,,7 125. 4 118., 040-40, 2 ' rest 64. 4 94.4 111.8 113.5 143., 6 139.,7 146. 5 137..160-60, 30" rest 25. 1 37.6 44. 7 33.9 69.,6 52,,9 83. 6 65.,560-60, 2' rest 31, 6 39.1 59. 2 51.5 107.,8 85., 0 116. 1 100, 6
*N for each group = 2 0
^5
Although varying rest conditions had no effect on 
performance during the first minute of practice, they have 
a highly significant effect after this initial practice 
period. These results indicate the accumulation of 
temporary work decrement and the importance of rest 
periods of sufficient length to dissipate this decremental 
process.
The significant transfer condition by rpm level 
interaction during the first scoring interval of minutes 
two (F=9.88, £ <  . 01) and eight (F=4.89, £<.°5) indicates 
that alternating practice between two tasks has a differing 
effect as a function of target rate. Inspection of the 
performance means in Table 3 reveals that the difference 
between the mean performance levels of the transfer and 
control groups on the 60-rpm task is minimal but is rather 
large for the 40-rpm task.
After timing period one of the eighth minute all 
main effects were significant at the one percent level 
and no interaction reached statistical significance.
In an earlier section of this paper a question was 
raised concerning the possible differences between a two 
minute no-practice interval and an interval between simi­
lar tasks in. which a different task was practiced, Figure
t
11 shows performance curves which bear upon this question..
Figure 11 presents performance data during the first 
eight minutes of practice for subjects who practiced the
46
same task in each trial and received a two minute rest 
period. Data from both 60- and 40-rpm task performance 
are presented. Also, trials 1, 3, 5, 7, 9, 11, 13, and 15 
are plotted for subjects in the 40-60 and 60-40 groups.
Thus, this graph shows practice periods based upon equal 
time intervals between the tasks. Not plotted, however, are 
the performance curves for the task which the 40-60 and 
60-40 groups practiced while the 40-40 and 60-60 groups 
were resting. Table 4 reveals the groups and practice 
periods which appear in this figure.
Table 4
Groups Appearing in Figure 6
Groups Task Sequence
I 40 60* 40 60* 40
III 60 40* 60 40* 60
VI 40 REST 40 REST 40
VIII 60 REST 60 REST 60
*Not plotted in Figure 11
Figure 11 reveals that a rest period or no-prac.tice 
interval facilitates the performance of both tasks. Even 
though the 40-60 and 60-40 groups had additional practice 
on another task, they did not equal the performance levels 
of the groups who not only practiced the same task in each 
trial, but also were given two minute rest periods.
Transfer effects
The preceding results concern performance differences
(Each point represents 20 scores )-p
h 80
kO rpm performance
^ 60
• — •N
60 rpm 
performance
/ 4-0- (60)
' 30" rest
’ 60-60
2' rest
20
30" rest
11
860-60 1 2 3 ^ 5 6  7Minutes of Practice
Figure 11 Mean performance with equal intervals, of time separating tasks. Not plotted
are intervening practice periods of the alternating groups. (Points on the -o 
x-axis represent 10-second scoring intervals.).
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between the various groups. These data, although a general 
indicator, do not precisely reveal the amount of transfer 
achieved by the groups who perform different tasks in each 
trial. Traditional two-trial transfer studies normally 
present transfer score percentages which are defined as the 
percent of gain in performance of the control group which is 
achieved by the experimental or transfer group. These per­
centages are computed by use of formulae as discussed by 
Gagne, Foster, and Crowley (1948) and Ammons, Ammons, and 
Morgan (1954).
These formulae are adequate for the two-trial transfer 
designs but may be somewhat misleading in the present alter­
nating design. For example, in the later trials one would 
expect minimal gains in proficiency in any group. Indeed, 
there seems to be a point where all groups achieved a 
certain asymptotic level of proficiency as measured by the 
initial performance in each trial (prior to any great ef­
fects of temporary work decrement). Yet a slight increment 
in proficiency of one of the groups, at this point may yield 
a large, and thus misleading percentage score.
Also, the control groups or groups who do not alter­
nate practice between tasks many times show a decline in 
performance over trials which is probably due to an accumu­
lation of net decremental processes. Thus, if one were to 
use the traditional transfer formula, a 100 percent gain 
(the gain of the control group) would actually be a decline
k9
in performance.
For these reasons, a better indicator of transfer 
may be a difference score between the amount,of gain 
achieved by the transfer groups in comparison with that 
achieved by the control groups. Thus the following 
formula was used to compute a difference transfer scorei
(Tx - Cx_1) - (Cx - = Difference Transfer Score
wheres
Tx = the performance level (percent time on target) 
of the transfer group during timing period x of 
the appropriate trial.
Cx = the performance level of the control group during 
timing period x of the appropriate trial.
Cx_i = the performance level of the control group during 
the same timing period of the preceding trial 
(one minute prior to timing period x).
thus:
(Cx - Cx_-̂ ) = the amount of gain in performance over 
the preceding trial during the same 
timing period for subjects who do not 
alternate practice between two tasks.
(Tx - Cx-1) = the amount of gain in performance of, 
the subjects who alternate practice 
between tasks in timing period x over 
the control group's performance in the 
same timing period of the preceding 
trial.
Difference Transfer Score = the difference, in terms
of target-stylus completion percentages, 
of the gains in performance between the control and transfer groups.
Tables of difference transfer scores can be found in 
the appendix. It should be noted that a negative difference 
score in these tables does not necessarily indicate negative
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transfer. This simply shows that the transfer group did riot 
perform as well as the control group. Negative transfer is 
revealed if the transfer group's performance is lower than 
that of the control's performance level in the previous 
trial.
The data in these tables can be expressed graphically 
to indicate the effects of alternating practice on different 
tasks over time. Figures 12 and 13 present these data based 
upon the amount of gain in performance of the transfer 
groups over the performance of the control groups during 
the preceding trial. Zero transfer in these graphs repre­
sents no gain in performance of the transfer group. Units 
on the Y-axis of these graphs indicate the magnitude of the 
difference between the performance of transfer groups and 
control groups based upon target-stylus completion percent­
ages
These figures indicate that the greatest amount of 
transfer was achieved when subjects switched from the ^O-rpm 
to the 60-rpm task. Transfer scores for subjects practicing 
the 60-rpm task, however, show a general decline in each 
succeeding trial. Also, there seems to be no great differ­
ence in transfer scores between subjects practicing this 
task with two minute rest periods and those, receiving 30 
second rest periods.
.When subjects switch practice to the ^0-rpm task 
negative transfer usually results. The subjects who received
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two minute rest periods exhibited positive transfer effects 
in only the .second and third minutes of practice. Positive 
transfer was achieved for subjects given 30 second rest 
periods in the second minute of practice only.
The duration of the rest period seems to affect the 
transfer scores of subjects practicing the 40-rpm task. It 
can be seen from these figures that a J O second no-practice 
interval results in lower transfer scores. Also, the curves 
for this group usually resemble an inverted-U shape. The 
initial transfer score within a trial is generally quite low 
and immediately followed by a sharp increase. The last ten 
seconds of a trial normally shows a sharp drop in transfer 
scores. There seems to be no similar, or any other pattern 
of these curves for any of the remaining transfer groups.
CHAPTER IV
DISCUSSION
In terms of performance variables, two factors seem, 
to produce optimum proficiency. These are the slower target 
rate and the longer duration of the no-practice interval. 
These results are in line with most other reports of research 
in the area of motor skills learning which use the rotary 
pursuit apparatus. Interpretations of such results usually 
depend upon the easier response requirements of the slower 
target rate and the greater dissipation of inhibition or 
temporary work decrement during extended rest periods.
One other finding of the present research that has 
been reported elsewhere (Ammons, Ammons, and Morgan, 1956? 
Keastner and Grant, 1956; Lincoln and Smith, 1951; and 
Lordahl and Archer, 1958) concerns the variable of task dif­
ficulty in the transfer process. Like these other studies, 
the present research suggests that going from an easier 
training task to a more difficult transfer task results in 
the greatest amount of transfer.
The subjects in all conditions seemed to reach an 
asymptotic levs1 of performance around the eighth minute of 
practice. Prom this point to the last trial in the study 
there were no great gains in performance. The usual perfor­
mance changes that were evident in these trials were intra­
trial decreases in performance and thus attributable to
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decremental processes.
In an attempt to predict some of the results of. the 
present research, a speculation was made in an earlier 
section of this paper concerning the effects of practicing 
a new task in each trial. Briefly, it was thought that 
presentation of a new task may serve to dissipate temporary 
work decrement in much the same way as introduction of a 
rest period. This does not seem to be the case, however.
It appears the rest periods, which offer the least amount 
of motor activity, allow for the most dissipation of temporary 
work decrement. Subjects who had less practice on a motor 
skills task, but had rest periods of a longer duration, 
exhibited superior performance on the task.
Several findings reported in the present research 
have not been mentioned in previous motor skills studies.
For example, the present research revealed minimal reminis­
cence scores, intra-trial increments in performance during 
distributed practice, and transfer effects which run counter 
to past theorizing about transfer in relation to the task 
similarity dimension. Most of the remaining discussion will 
bear on these results.
Alternating practice between two tasks seems to pro­
duce two idecremental processes. Inspection of the perfor­
mance curves of the subjects who switch practice between 
tasks reveals the typical performance pattern for distrib­
uted practice on the 60-rpm task. There is an initial high
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level of proficiency followed by a sharp drop in perfor­
mance. This decline in proficiency is indicative of the 
effect of temporary work decrement on performance.
When the subjects switched practice to the 40-rpm 
task after a 30-second rest period, there seemed to be warm­
up decrement. Here, initial proficiency (i.e., during the 
first scoring interval) on the 40-rpm task was quite low in 
each trial and was followed by an increment in performance.
As mentioned previously, warm-up decrement is usually 
not found to exist with distributed practice designs but is 
quite prevalent in continuous practice procedures. It seems 
that this decremental process is apparent in distributed 
practice designs only if subjects practice a different task 
in each practice period and receive minimal aimounts of rest.
Theoretically, one could account for these curves by 
attributing the low performance on the ^0-rpm task to a loss 
of set towards this task. The shapes of the performance 
curves suggest that each task requires different response 
patterns. Perhaps, when subjects switch to the ^O-rpm task, 
traces of 60-rpm related behaviors, as well as rest-related 
behaviors, remain within the behavior repertoire. This may 
account for the low amounts of reminiscence.
There seems to be a period in which these 60-rpm and 
rest-related behaviors drop out during 40-rpm practice. 
Apparently, this takes place during the first 20 to 30 
seconds of practice within each trial. This may account
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for the warm-up decrement phenomena.
If this is indeed the case, one may wonder why there 
is no warm-up decrement or a lack of reminiscence apparent 
during alternated practice on the 60r.rpm task. According 
to the above discussion, the tasks require different 
response patterns and one would expect a similar loss of 
set as the subject goes from the il-0-rpm task to the 60-rpm 
task.
Perhaps the answer to this question can be found by 
analyzing the types and number of responses found in each 
task. There are at least three types of gross responses 
that are made while practicing each tasks (1) correct (on 
target) responses, (2) error (off target) responses, and 
(3) adjustment (from off to on target) responses. Of course 
there are many types of movements within each of these 
globally defined responses. For example, Ammons, Ammons, 
and Morgan (1958) have identified several types of errors 
made while performing the rotary pursuit task. Some of 
these occur much more frequently as a function of rpm level.
The data indicate that there are more error responses 
and thus adjustment responses made while practicing the 60- 
rpm task. Acquisition can be said to be comparable to 
making the correct adjustment response to error. These . 
responses are obviously appropriate and adaptive if the 
subject practices the 60-rpm task during each practice 
period. They are not appropriate, however, when the new
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task is 40-rpm. In this case, 60-rpm-adjustment responses 
will lead to more errors than correct responses. Thus, low 
initial proficiency, or even negative reminiscence would 
result.
These responses seem to drop out during initial 
practice in favor of l+O-rpm-related adjustment responses.
The curves should show an increment in performance at this 
time.
Once the 60-rpm-related behaviors have dropped out, 
proficiency is quite high (usually around 70 to 80 percent 
time-on-target). Thus subjects make few ^O-rpm error and 
adjustment responses. 'Because these responses are rare, 
they may drop out of the behavior repertoire during a 30 
second rest period. Thus one would not expect low reminis­
cence or warm-up decrement on the 60-rpm task. In other 
words, there should be little transfer of these adjustment 
responses to the new 60-rpm task.
The above discussion bears directly on the transfer 
effects which emerged in this research. In terms of trans­
fer, the present results suggest that (1) transfer is 
greater when the training task is easier to perform than 
the transfer task and (2) the relationship between trans­
fer and task similarity holds only for the ^0-rpm task.
Yet both of these variables (task difficulty and similarity) 
may be confounded by the number and type of responses 
required by each task.
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Concerning task difficulty, it can be inferred that 
the 60-rpm task is more difficult to perform than the ^O-rpm 
task. This is supported by the significant main effect 
during the initial practice period. Because subjects make 
more adjustment responses, practice on the 60-rpm task may 
produce a greater accumulation of temporary work decrement 
than practice on the 40-rpm task. The shapes of the curves 
in Figures 2 and 3 support this interpretation. This may 
partially explain why there is greater transfer when subjects 
switch from the easier, 40-rpm task. The greater amount of 
transfer in this case may not be solely due to habits 
learned while: practicing the ^O-rpm task. Also important 
may be the greater accumulation of temporary work decrement 
by the control (60-60) subjects.
When subjects practice a training task which is more 
difficult to perform, than the transfer task, negative trans­
fer is usually obtained. Again these results may be par­
tially attributable to decremental processes. Seemingly, 
when subjects switch to the 40-rpm task there are two 
decremental processes in operation.; The initial practice 
periods seem to be periods during which the subject attempts 
to overcome warm-up decrement. The later periods are charac­
terized by the presence of temporary work decrement. This 
results in the inverted-U shaped transfer curves and, 
perhaps, the consistent negative transfer scores..
Approximately the same analysis could be made
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concerning the dimension of task similarity as was presented 
for the task difficulty variable. According to this prin­
ciple, the more similar the training and transfer tasks, the 
greater the transfer. Thus the greatest degree of task 
similarity across trials in the present research is to be 
found in cases where subjects practice the same task in each 
trial. Yet there is no performance superiority of this 
group at least in the earlier trials, when one considers the 
60-rpm task. There is, however, greater proficiency of the 
subjects who continually practice the 40-rpm task over those 
who alternate between this task and the 60-rpm task.
Again, this result may be due to the fact that 
switching to the ^O-rpm task results in warm-up decrement 
and temporary work decrement. The only decremental process 
apparent during practice on the 60-rpm task (regardless of 
transfer condition) and non-alternating practice on the 40- 
rpm task is temporary work decrement.
The objective of the present research was to evaluate 
a new design for motor skills transfer research. The out­
comes of this research seem to have raised more questions 
than supplied answers concerning transfer and performance 
of a motor skill. First, the notion that similar training 
and transfer tasks lead to optimum performance was not 
always supported. At least in the early minutes of practice, 
subjects who had practiced the 40-rpm task during training 
phases subsequently performed the 60-rpm task at a level
equal to that of subjects who practiced the 60-rpm task in 
each trial. Also the dimension of task difficulty seems to 
be affected by many components (decremental processes, and 
types of responses in each task for example) which makes 
assessment of the effects of this variable difficult at best
Secondly, results based upon the use of an alternation 
design have suggested a number of questions concerning other 
variables that seemingly affect the transfer process. These 
include;
(1) What are the components of the adjustment 
responses made while performing each task? Learning to 
correct for error is highly important and if this learning 
process requires different responses in each task, transfer 
of training will be affected.
(2) What produces the warm-up decrement and negative 
reminiscence phenomena for Subjects who switch to the ^0-rpm 
task? The present data suggest that adjustment responses 
made during practice on the 60-rpm task were present 
during initial practice on the 40-rpm task. It was also 
suggested that these responses seem to drop out during the, 
first 20 to 30 seconds of practice on this task. This 
interpretation would be strengthened if it could be 
determined that variations in the number of adjustment 
responses led to variations in amount of reminiscence and 
warm-up decrement. For example, if the training task wais 
70-rpm (which would involve more errors and adjustment
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responses than the 60-rpm task), the present interpretation 
would predict lower reminiscence and greater warm-up 
decrement on the subsequent 40-rpm task than if the . 
training task were 60-rpm. It appears that greater 
manipulation of the rpm variable is needed in future 
research.
(3) Why was there a general decline over time in 
the transfer scores when subjects switched to the 60-rpm 
task? This did not appear when these same subjects 
practiced the 40-rpm task.
The above discussion suggests some strengths as well 
as weaknesses of the present experimental design. The fol­
lowing represent some of the strengths of the approach:
(1) An alternating transfer design represents a 
closer analogue to many real-life transfer situations. The 
present form of an alternating procedure allowed subjects to 
engage in behavior that roughly approximates the fashion in 
which adults really perform tasks. Rarely is adult learning 
and performance a unitized, one-trial-per-task endeavor.
(2) The use of this procedure has produced results 
which have not been observed, or at least reported previously. 
A motor skills researcher expects the "standard" curve for 
distributed practice with the present work-rest-work cycle. 
The fact that a variety of "standard" curves consistently 
emerged offers exciting possibilities for future research.
(3) The design more adequately revealed the complexity
of transfer phenomena and the need for further research in 
this area. Results of the present study indicate that 
amount of transfer is not solely a function of physical 
similarity between two tasks. Apparently, transfer is at 
least a function of task similarity and difficulty, response 
similarity and difficulty, duration of intervals between 
tasks, number of error responses, types of error responses, 
ways of correcting for errors, and number of task alter­
nations .
(b) The use of the present design suggested the 
development of a new measurement technique for assessing 
transfer effects, which allowed for an intra-trial analysis 
of the transfer process over extended numbers of practice 
intervals. Apparently amount of transfer, both negative 
and positive, increases within each task and changes over 
time. The present experimental procedures and measurement 
operations revealed something of the nature of this change.
The.research reported here was purely exploratory.
Of course such research has weaknesses as well as. strengths. 
Some of these weaknesses includes
(1) Although this form of an alternating procedure, 
represents a closer analogue to real-life transfer situa­
tions when compared to traditional two-trial transfer 
procedures, it is still a poor parallel to real-life learn­
ing. The tasks we encounter in everyday situations usually 
differ by a greater degree than the 20-rpm difference on the
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pursuit rotor task in the present study. Future forms of 
an alternating design should perhaps include a greater dif­
ference between tasks (from 40-rpm to 70-rpm for example), 
more tasks within an alternating sequence (40-50-60 rpm 
perhaps), and greater variations of the practice and rest 
periods (from continuous to highly distributed practice 
periods).
(2) The number of subjects assigned to each group 
was small. This problem was overcome reasonably well by 
combining data from several groups. Yet this combining 
procedure seemed to make some behavioral changes less ob­
vious. Alternating practice between tasks obviously pro­
duces great differences in performance and decremental 
processes as compared to practice on one task. In order to 
detect fine differences in behavior, it appears that an N 
of at least 30 subjects per group should be used in future 
research with an alternating procedure.
There Is one more fact which may be the most important 
strength of the present experimental design. An alternating 
procedure represents a new approach to the problem of learn­
ing and transfer. Hopefully, this approach to a traditional 
problem will have the effect of renewing an active research 
interest in transfer of training.
CHAPTER V
SUMMARY
The thesis research evaluated an "alternating design" 
for use in transfer research. Alternated practice is 
achieved when subjects repeatedly switch between two or 
more tasks in a learning experiment. This procedure was 
employed in the present research by presenting a different 
rpm level (U0- and 60-rpm) of the rotary pursuit task to 
subjects (N=80) in each successive performance phase. Mean 
performance measures were compared to those for control sub­
jects (N=80) who continued to practice the same task (either 
40- or 60-rpm) in each trial. Also, groups differed in the 
duration of the rest interval (either 30 seconds or two 
minutes) between tasks. Performance measures Were recorded 
at 10-second intervals for each one minute performance trial 
in order to generate a continuous record of proficiency and 
transfer.
Results showed that (1) proficiency is increased fol­
lowing longer (two minute) no-practice intervals, (2) sub­
jects show a warm-up phenomenon when switching from the 
60-rpm task to the iJ-O-rpm task after a short (30-second) 
rest period, (3) switching from the 60-rpm task to the ^0- 
rpm task usually results in negative reminiscence, (^) 
transfer is greatest when subjects switch practice from an 
easier task (40-rpm) to a more difficult task (60-rpm), and
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(5) there is a general decline in transfer with each suc­
cessive task switch.
The data were accounted for in terms of the operation 
of decremental processes during practice periods, loss of 
set during no-practice intervals, and the transfer of ap­
propriate as well as inappropriate responses to each task. 
Finally, strengths and weaknesses of the present research as 
well as suggestions for further research were presented.
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APPENDIX A.
i
PERCENT TIME ON TARGET AND 
TRANSFER SCORES
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Table 5
Mean Percent Target-Stylus Completion Scores
Minute
of
Practice
10-sec,
Timing
P'eriod
Grp
I
Grp
II
Grp
H I
Grp
IV
Grp
. V .
Grp
VI
Grp
VII
Grp
VIII
1 35 41 16 17 41 39 15 192 40 40 18 17 44 46 20 21
3 41 38 17 18 45 45 17 194 41 42 16 19 49 53 21 22
5 44 44 18 19 55 56 18 196 50 43 21 
REST
22 52 57 23 23
1 24 29 34 51 59 67 27 352 22 29 40 51 57 62 24 30
3 20 2? 47 55 56 59 21 30
23 25 . 52 55 58 62 21 28
5 19 24 51 56 56 56 20 316 24 27 51 
REST
63 61 68 20 31
1 51 62 26 44 69 80 35 422 51 60 27 37 60 77 28 43
3 48 58 25 34 63 74 26 404 49 62 26 34 59 74 28 36
51 61 26 37 75 20 376 52 62 27 
REST
33 61 80 25 39
1 34 47 49 68 71 80 33 502 32 43 57 65 67 75 32 49
3 28 41 54 64 61 75 28 424 25 40 52 65 65 71 28 44
5 22 39 57 65 62 76 25 426 24 36 54 
REST 67 65 77 23
46
1 53 66 31 51 73 85 40 5^2 58 69 32 4 5 70 81 35 51
3 55 69 27 44 67 78 33 494 56 68 26 45 65 78 28 48
5 55 66 25 43 64 78 28 486 55 72 30 REST
46 70 81 28 49
1 36 58 56 78 72 82 36 582 34 49 55 73 70 80 33 59
3 29 46 60 70 69 77 30 524 31 49 57 71 65 78 30 52
5 25 40 63 76 67 79 30 516 25 44. 57 REST
76 70 82 27 55
Table 5 - cont'd.
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8
10
11
12
13
1 60 71 34 56 74 86 40 582 59 71 35 55 70 84 39 51
3 59 69 31 54 72 82 35 514 59 65 32 50 63 80 36 51
5 60 67 3.0 51 65 79 33 496 58 71 33 51 67 85 30 54REST
1 44 61 58 78 72 86 42 652 39 58 64 71 71 82 40 58
3 35 52 63 73 70 80 36 5?4 29 50 61 73 71 84 37 54
5 28 51 56 75 69 78 29 546 2? 50 61 75 73 84 32 51REST
1 66 75 42 58 75 85 44 622 66 74 38 55 76 85 42 60
3 60 73 36 58 69 80 35 564 58 73 31 52 66 82 37 57
5 64 71 32 50 68 81 33 526 56 71 34 53 70 88 35 54REST
1 42 61 61 77 77 85. 46 652 38 58 67 76 77 81 44 63
3 35 58 64 75 73 80 40 624 35 51 62 75 71 81 35 56
5 34 54 64 76 70 79 35 576 35 54 62 80 72 . 80 31 57REST
1 61 73 46 63 76 87 48 672 66 71 43 61 74 ■ 87 40 63
3 67 69 41 57 69 84 38 604 6o 69 36 53 70 84 38 56
5 61 72 36 52 69 85 34 586 62 68 32 63 68 90 36 61REST /
1 49 62 65 79 71 88 45 672 44 60 66 80 74 . 83 . 46 63
3 41 56 63 80 76 83 43 6232 54 63 77 74 80 38 57
5 34 53 58 79 71 82 38 596 31 52 61 79 71 83 36 61
REST
1 70 72 48 61 75 89 52 732 68 74 47 59 75 84 47 64
3 65 73 41 51 72 83 41 624 62 76 37 52 72 82 41 60
5 62 73 37 57 72 81 37 636 64 76 37 58 70 85 38 61REST
76
Table 5 - cont'd.
1 bb 65 6o 85 78 88 49 672 37 59 70 82 78 83 48 68
3 b i 52 70 77 70 83 46 654 3b 52 66 81 72 79 40 57
5 31 52 6b 76 72 81 38 646 33 50 65 REST
81 73 83 36 65
1 68 79 47 67 77 89 43 752 69 78 45 63 77 , 86 49 71
3 67 75 41 56 75 84 40 654 65 7b 38 59 71 82 44 62
5 63 76 34 55 71 82 40 606 61 75 40RES T 59 73 87
40 67
1 b6 66 68 78 75 .88 50 702 b6 6o 66 80 80 80 48 66
3 38 59 71 81 75 80 46 614 38 50 66 80 77 78 43 59
5 3b 55 69 78 72 ' 81 ■. 42 616 3b 53 6b 82 71 82 39 60
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Table 6
Difference Transfer Scores for Subjects 
With 30" Rest Periods
Minute
of
Practice
Timing
Period
Gain
NA*
g^P
40 rpm 
Gain
ALT* Transfer 
grp Score
Gain
NA
grp
60 rpm
Gain 
ALT Transfer 
grp Score
1 18 -7 -25 12 9 -32 13 -4 -17 1+ 2 -2
3 11 2 -9 4 3 -14 9 3 -6 0 2 2
5 1 -5 2 1 -16 9 -1REST
-10 -3 1 4
1 10 -8 • -18 8 -1 -92 3 -6 -9 4 3 -1
3 7 -8 -15 5 4 -14 1 -7 -8 7 : 5 -2
5 3 -5 -8 0 6 66 0 -9REST -9 5 7
2
1 2 -20 -22 -2 -1 1
2 7 -3 -10 4 4 0
3 -2 -9 -7 2 2 04 6 -7 -13 - 0 -3 -3
5 3 -2 -5 5 2 -36 ** -7REST
-11 -2 -1 -1
1 2 -18 -20 7 -2 -92 3 -9 -12 3 0 -3
3 6 -6 -12 5 -1 -64 0 -9 -9 0 -2 -2
5 -l -7 -8 3 0 -36 5 -10REST 5 7
2
1 1 -17 -18 4 -4 -82 0 -15 -15 -3 .. -1 2
3 2 -7 -9 -3 -4 -14 0 -8 -8 2 3 1
5 3 -1 -4 2 -3 -56 0 -15REST -15
-1 -3 -2
*NA=non-alternating, ALT=alternating
Table 6 - c'ont'd.
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1 2 -12 -14 4 ", -2
2 0 -1 -1 6 2
3 3 -10 -13 5 14 2 -6 -8 6 2
5 2 -7 -9 3 06 3 -12REST -15 3
6
1 -2 -16 -14 2 4
2 1 -6 -7 1 0
3 -2 -9 -7 1 04 8 -2 -10 1 -7
5 4 -9 -13 -4 -56 6 -8
REST
-14 2 “3
1 3 -6 -9 2 02 5 -5 -10 2 -2
3 -1 -10 -9 -1 04 -5 -13 -8 0 -6
5 -1 -5 -4 4 36 -3 -17REST
-14 3 2
1 2 -14 -16 2 -2
2 1 -9 -10 2 -4
3 4 -5 -9 5 04 5 -7 -12 -2 -2
5 2 -2 -4 2 16 2 -8
REST
-10 -4 0
1 -1 -16 -17 2 02 -3 -11 -8 -4 -1
3 -6 -2 ■̂2 14 -1 -11 -10 3 1
5 -1 - 9 -8 -1 - 16 .-4 -10
REST
-6 5 1
1 -5 -11 -6 -3 12 0 -8 -8 1 4
3 .7 -6 -13 5 34 4 -7 -11 0 -6
5 2 -11 -13 4 06 3 -7REST
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Table 6 - cont'd.
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13
14
15
16
1 4 -1 -5 7 32 1 -6 -7 1 1
3 -4 -11 -7 -2 -24 -2 -12 -10 3 -1
5 1 -9 -10 -1 -16 -1 -7REST
-6 2 1
1 3 -15 -18 -3 -82 3 -5 -8 1 -10
3 -2 -2 -4 5 04 0 -6 -6 -1 -7
5 0 -8 -8 1 -76 3 -5REST
-8 -2 , -5
1 -1 -10 -9 -6 -22 -1 -9. -8 1 -3
3 5 -3 -8 -6 -54 -1 -7 -6 4 -2
5 -1 -9 -8 2 -4
6 0 -12REST
-12 4 4
1 -2 -9 -7 7 32 3 -11 -14 -1 -3
3 0 -4 -4 6 -24 6 -5 -11 -1 -6
5 1 -2 -3 2 -66 -2 -9 -7 -1 -6
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Table ?
Difference Transfer Scores for Subjects 
With 2' Rest Periods
. Minute 
of
Practice
Timing 
Peri od
Gain
NA*
grp
40 rpm 
Gain
ALT* Transfer 
grp Score
Gain
NA
grp
60 rpm
Gain 
ALT Transfer 
grp S c ore
1 28 12 -14 12 10 -2
2 16 5 -11 4 8 4
3 14 10 -4 4 8 44 6 2 -4 0 3 3
5. 0 0 0 2 5 36 11 6
REST -5 -3
4 7
1 13 -5 -18 7 9 22 15 -2 -17 4 7 3
3 15 -1 -16 5 4 -14 12 0 -12 7 6 -1
5 19 5 -14 0 6 66 12 -6
REST
-18 5 2 -3
1 0 -12 -12 -2 5 72 -2 -12 -10 4 0 -4
3 1 -10 -11 2 l -14 -4 -9 -5 0 4 4
5 1 -10 -li 5 2 -36 -3 -13REST
-16 -2 -3 -1
1 5 -14 -19 7 1 -62 6 -6 -12 3 4 1
3 3 -6 -9 5 2 -3
U 7 -3 -10 0 1 1
5 2 -10 -12 3 1 -26 3 -5' REST
-8 5 0 -5
1 -3 -7 -10 4 4 02 -1 -8 -9 8 -2 -10
3 -1 -8 -9 3 -3 -6
U 0 -7 -7 4 1 -3
5 1 -2 -3 3 -8 -116 1 -5 -6 6 -5 -11REST
*NA=non-alternating, ALT=alternating
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Table 7 - cont'd.
1 if -11 -15 0 -22 if -9 -13 -7 -if
3. 5 -8 -13 -1 2if 2 -13 -15 -1 -2
5 0 -12 -12 -2 06 3 -11REST
-lif -1 -4
1 0 -8 -8 2 32 -2 -13 -11 1 7
3 -2 -9 -7 1: 1if if -7 -11 1 . . -1
5 -1 -if -3 -if. 26 -1 -10
REST -9 2
-if
1 1 -11 -12 2 -72 3 -8 -11 2 -3
3 0 -7 -7 - 1 . -1if -2 -11 -9 0 -2
5 3 -7 -10 if -if6 if -13REST -17 3
2
1 0 -8 -8 2 -1
2 -if -9 -5 2 -2
3 0 -5 -5 5 2if -1 -7 -6 2 -6
5 -2 -8 -3 2 26 -8 -8
REST
0 -if 0
1 2 -12 -lif 2 -2
2 6 -10 -16 0 -2
3 if -11 -15 -2 -5if 3 -12 -15 0 -3
5 6 -7 -13 1 -56 . 10 -12 -22 3 6REST
1 1 -8 -9 0 -52 -if -7 -3 0 -3
3 -1 -if -3 2 -if
4 -if -7 -3 1 ' -2
5 -3 -6 -3 1 -5
6 -7 -11REST
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Table 7 - cont'd.
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1 1 -16 -17 6 -6 -122 1 -9 -10 1 -4 -5
3 0 -10 -10 0 -11 -114 2 -4 -6 3 -5 -8
5 -1 -9 -8 4 -2 -66 2 -7REST -9
0 -3 -3
1 -1 -4 -3 -6 -8 2Oc* -1 -2 -1 4 -5 -9
3 0 -6 -6 3 -10 -134 -3 -1 2 -3 -8 -5
5 0 -5 -5 -1 -11 -106 -2 -4
REST
-2 4 -11 -15
1 1 -9 -10 7 0 -72 3 -5 -8 3 ; -5 -8
3 1 -8 -9 0 -9 -94 3 -5 -8 5 2 -3
5 1 -5 -6 4 -9 -136 4 -8
REST
-12 ■ 2 -6 -8
1 -1 -11 -12 -5 -9 -42 -6 -6 0 -5 -11 -6
3 -4 -3 1 -4 -6 -24 -4 -2 2 -3 -12 -9
5 -1 -4 -3 1 -5 -66 -5 -5 0 -7 -14 -7
APPENDIX B
PERFORMANCE CURVES FOR INDIVIDUAL 
MINUTES OF PRACTICE
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(Each point represents 20 scores )
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Figure 14 Mean percent time on target for all groups receiving 30" rest periods, 
(Each point on the x-axis represents a 10-second scoring interval.)
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Figure 15 Mean percent time on target for all groups receiving 2' rest periods 
(Each point on the x-axis represents a 10-second scoring interval.)
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Figure 15 contn'd.
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